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(54) STACK FOR FUEL CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a stack for a fuel cell in 
which an exchanging operation or the like for the unit fuel cell is 
accomplished readily, 

SOLUTION: The stack for the fuel cell is composed of forming the 
unit fuel cell 10 by holding a fuel cell that is formed by holding a 
solid polymer electrolyte 18 with anode sided diffusion electrodes 
(22, 26) and negative electrode sided diffusion electrodes (20, 24), 
with the first separator 14 and the second separator 16 r and 
overlaying plural numbers of the unit fuel cell. Between a pair of 
the separators 14, 16, is installed via the fuel celt 12, a liquid 
adhesive seal S to prevent a reactive gas from leaking, from an 
electrode reaction face of the fuel cell to a surrounding portion of 
the anode sided diffusion electrodes (22, 26) or the cathode sided 
diffusion electrodes (20, 24), while between the adjoining 
separators 14, 16, a liquid non-adhesive seal S1 is installed. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer So the translation may not reflect the original 
precisely* 

2,**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]An electrode layer structure constituted by pinching solid polyelectrolyte membrane 
with the anode side diffusion electrode and the cathode side diffusion electrode, In a fuel cell 
stack constituted by pinching with a separator of a couple, forming a unit fuel cell, and laminating 
two or more these unit fuel cells, An adhesive seal is formed in order to prevent leakage of 
reactant gas from an electrode reaction side of said electrode layer structure to a peripheral 
part of the anode side diffusion electrode or the cathode side diffusion electrode between 
separators of said couple, A fuel cell stack forming a nonadherent seal between separators with 
which an adjoining unit fuel cell adjoins. 



[Translation done,] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the fuel cell stack constituted by laminating two 
or more unit fuel cells which pinched the electrode layer structure which comprised solid 
polyelectrolyte membrane, an anode side diffusion electrode of those both sides, and a cathode 
side diffusion electrode with the separator of the couple. 

It is related with the fuel cell stack the clearing work of every unit fuel cell, etc, are especially 
apt to perform. 

[0002] 

[Description of the Prior Art]Pinched the electrode layer structure which comprised solid 
potyelectrolyte membrane, an anode side diffusion electrode of those both sides, and a cathode 
side diffusion electrode with the separator of the couple, and constituted the unit fuel cell, and 
laminated two or more these unit fuel cells, and some fuel cell stacks were constituted. 
Hydrogen will be ionized here and the above-mentioned unit fuel cell wilt move to the cathode 
side diffusion electrode side via solid potyelectrolyte membrane, if fuel gas (for example, 
hydrogen gas) is supplied to the reaction surface of the anode side diffusion electrode. The 
electron produced in the meantime is taken out by the external circuit, and is used as electrical 
energy of a direct current Since oxidizing gas (for example, air containing oxygen) is supplied in 
the cathode terminal, a hydrogen ion, an electron, and oxygen react and water is generated. 
[0003]If drawing 15 explains this example, in the figure, 1 shows solid polyelectrolyte membrane, 
pinches this solid polyelectrolyte membrane 1 from both sides with the gas diffusion electrodes 
(the anode side diffusion electrode and the cathode side diffusion electrode) 2 and 3, and the 
fuel cell cell 4 is constituted, This fuel cell cell 4 via the carbon plate 5 arranged at the 
periphery, It is pinched with the separators 6 and 6, it is joined by the sheet shaped double-sided 
adhesives 7, and these separators 6 and the fuel cell cell 4 constitute a unit fuel ceil, and two or 
more these unit fuel cells are laminated, and constitute a fuel cell stack (refer to JP,H9- 
289029A). 
[0004] 

[Problem(s) to be Solved by the Invention]If it is in the above-mentioned conventional fuel cell 
stack, can paste up each fuel eel! cell 4 and the separators 6 and 6 easily with said sheet shaped 
double-sided adhesives 7, can constitute a unit fuel cell, and can laminate these unit fuel cell 
easily further, but. For example, when some of solid polyelectrolyte membrane 1 or separators 6 
need to be exchanged at the time of an assembly, by the part of the double-sided adhesives 7 
corresponding to the part, both must be removed, it must decompose, and there is a problem 
that work takes time and effort. When both members are removed by the spreading part of the 
double-sided adhesives 7 as mentioned above, there is a problem that distortion will arise also in 
parts other than the part concerned to exchange. Then, this invention provides the fuel cell 
stack which the clearing work of every unit fuel cell, etc, tend to perform. 
[0005] 

[Means for Solving the Problem]In order to solve an aforementioned problem, an invention 
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indicated to Claim 1, Solid polyelectrolyte membrane (for example, solid polyelectrolyte 
membrane 18 in an embodiment) The anode side diffusion electrode, (For example, the anode 
electrode 22 and the 2nd diffusion zone 26 in an embodiment), and the cathode side diffusion 
electrode. (For example, the cathode terminal 20 and the 1st diffusion zone 24 in an 
embodiment) An electrode layer structure constituted by pinching. (For example, the fuel cell cell 
12 in an embodiment) A separator of a couple. With (for example, the 1st separator 14 and the 
2nd separator 16 in an embodiment), pinch and A unit fuel cell In a fuel cell stack (for example, 
fuel cell stack N in an embodiment) constituted by forming (for example, the unit fuel cell 10 in 
an embodiment), and laminating two or more these unit fuel cells, In order to prevent leakage of 
reactant gas from an electrode reaction side of said electrode layer structure to a peripheral 
part of the anode side diffusion electrode or the cathode side diffusion electrode between 
separators of said couple An adhesive seal. Between separators which provide (for example, 
fluid-sealant S in an embodiment) and with which an adjoining unit fuel eel! adjoins, a 
nonadherent seal (for example, fluid sealant S1 in an embodiment) was formed. 
[0006]With constituting in this way, since a nonadherent seal is used between separators which 
adjoin between each laminated unit fuel cell, in this portion, both separators can be separated 
easily, a unit fuel cell can be taken, and outside can carry out Thus, in removing a unit fuel cell, 
since an adhesive seal is used between separators of a couple, exfoliation does not arise 
between electrode layer structures. 
[0007] 

[Embodiment of the Invention]Hereafter, the embodiment of this invention is described with 
Drawings. Drawing 1 shows fuel cell stack N of the embodiment of this invention. Two or more 
unit fuel cells 10 with which the above-mentioned fuel cell stack N comprises the 1st separator 
14 and the 2nd separator 16 which pinch the fuel cell cell (electrode layer structure) 12 and this 
are laminated. In the both ends of the laminating direction of the unit fuel cell 10 of fuel cell 
stack N, the 1st and 2nd end plates 80 and 82 are arranged, and via the tie rod 84, said 1st and 
2nd end plates 80 and 82 bind tight in one, and are being fixed. 

[0008]And the pore 94 which is open for free passage to the outlet side oxidizer gas 
communicating hole 38b mentioned later is formed, and the manifold shell 98 which is open for 
free passage via the joint 96 at said pore 94 to said 1st end plate 80 is connected to the 1st end 
plate 80. The pore 104 which is open for free passage to the outlet side fuel gas communicating 
hole 36b mentioned later is formed in the 1st end plate 80, and the manifold shell 98 mentioned 
above and the MANIHORU shell 106 constituted similarly are connected with it at this pore 104. 
[0009]The fuel cell cell 12 which constitutes the unit fuel cell 10 with said 1st and 2nd separator 
14 and 16, As shown in drawing 2 and drawing 3 , while having the solid polyelectrolyte membrane 
1 8, and the cathode terminal 20 and the anode electrode 22 which are allocated on both sides of 
this solid polyelectrolyte membrane 18, The 1st gas diffusion layer 24 and the 2nd gas diffusion 
layer 26 which consist of the porous carbon crossing or porosity carbon paper which is a porous 
layer, for example are allocated by said cathode terminal 20 and said anode electrode 22. Here, 
perfluorosulfonic acid polymer is used as the solid polyelectrolyte membrane 18, The cathode 
terminal 20 and the anode electrode 22 make Pt a subject. The cathode side diffusion electrode 
comprises the above-mentioned cathode terminal 20 and the 1st gas diffusion layer 24, and the 
anode side diffusion electrode comprises the above-mentioned anode electrode 22 and the 2nd 
gas diffusion layer 24. 

[0010]The flash part 18a protruded into the solid polyelectrolyte membrane 18 from the 
periphery of the cathode terminal 20 and the anode electrode 22 which are allocated on both 
sides of this is formed, Fluid-sealant S which was applied to the position corresponding to this 
flash part 18a from both sides at the 1st and 2nd separators 14 and 16 and which is mentioned 
later sticks directly. 

[001 1]As shown in drawing 4 , the 1st separator 14 is provided with the following. 
The entrance-side fuel gas communicating hole 36a for passing fuel gas, such as hydrogen 
containing gas, to the transverse direction both-ends upper part side which is in the flat surface 
and is located in an outer periphery part. 

The entrance-side oxidant gas communicating hole 38a for passing the oxidant gas which is 
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oxygen containing gas or air. 

The entrance-side cooling-medium communicating hole 40a for passing cooling media, such as 
pure water, ethylene glycol, and oil, and the outlet side cooling-medium communicating hole 40b 
for passing said cooling medium after use are established in the transverse direction both-ends 
central site of the 1st separator 14. 

[0012]The outlet side fuel gas communicating hole 36b for passing fuel gas to the transverse 
direction both-ends lower part side which is in the flat surface of the 1st separator 14, and is 
located in an outer periphery part, The outlet side oxidizer gas communicating hole 38b for 
passing oxidant gas is formed so that it may become the entrance-side fuel gas communicating 
hole 36a and the entrance-side oxidant gas communicating hole 38a, and a diagonal position. 
[0013]As shown in drawing 2 , the entrance-side oxidant gas communicating hole 38a is 
approached, and two or more 1st oxidant gas passage grooves (for example, 6) 42 which became 
independent, respectively are established in the field 14a which counters the cathode terminal 20 
of the 1st separator 14 toward the gravity direction, moving in a zigzag direction horizontally. 
The 1 st oxidant gas passage groove 42 joins the three 2nd oxidant gas passage grooves 44, and 
this 2nd oxidant gas passage groove 44 approaches the outlet side oxidizer gas communicating 
hole 38b, and is carrying out the termination of it. 

[0014]As shown in drawing 4 , to the 1st separator 14. While penetrating this 1st separator 14 
and an end is open for free passage to the entrance-side oxidant gas communicating hole 38a in 
respect of [ 14b ] an opposite hand in the field 14a, The 1st oxidant gas coupling channel 46 
which the other end opens for free passage to the 1st oxidant gas passage groove 42 by said 
field 14a side, While one end is open for free passage to the outlet side oxidizer gas 
communicating hole 38b by said field 14b side, the 2nd oxidant gas coupling channel 48 which the 
other end opens for free passage to the 2nd oxidant gas passage groove 44 by said field 14a side 
penetrates said 1st separator 14, and is established. 

[0015]As shown in drawing 5 and drawing 6 , to the transverse direction both-ends side which are 
in the flat surface of the 2nd separator 16, and are located in an outer periphery part. The 
entrance-side fuel gas communicating hole 36a, the entrance-side oxidant gas communicating 
hole 38a, the entrance-side cooling-medium communicating hole 40a r the outlet side cooling- 
medium communicating hole 40b, the outlet side fuel gas communicating hole 36b, and the outlet 
side oxidizer gas communicating hole 38b are formed like the 1st separator 14. The entrance™ 
side fuel gas communicating hole 36a is approached, and two or more 1st fuel gas flow route 
slots (for example, 6) 60 are formed in the field 16a of said 2nd separator 16. This 1st fuel gas 
flow route slot 60 extends toward a gravity direction, moving in a zigzag direction horizontally, 
joins the three 2nd fuel gas flow route slots 62, and this 2nd fuel gas flow route slot 62 is 
carrying out the termination near the outlet side fuel gas communicating hole 36b. The 1st fuel 
gas coupling channel 64 which opens the entrance-side fuel gas communicating hole 36a for free 
passage from the field 16b side in the 2nd separator 16 in the 1st fuel gas flow route slot 60, 
The 2nd fuel gas coupling channel 66 which opens the outlet side fuel gas communicating hole 
36b for free passage into the 2nd fuel gas flow route slot 62 from said field 16b side penetrates 
said 2nd separator 16, and is established, 

[0016]As shown in drawing 3 and drawing 6 , two or more mainstream way slots 72a and 72b 
which approach the entrance-side cooling-medium communicating hole 40a and the outlet side 
cooling-medium communicating hole 40b, and constitute a cooling-medium channel are formed in 
the field 16b of the 2nd separator 16- Between the mainstream way slot 72a and 72b, the 
branching channel slot 74 which branch in a book, respectively extends horizontally, and is 
provided. The 2nd cooling-medium coupling channel 78 which opens for free passage the 1 st 
cooling-medium coupling channel 76 which opens the entrance-side cooling-medium 
communicating hole 40a and the mainstream way slot 72a for free passage, and the outlet side 
cooling-medium communicating hole 40b and the mainstream way slot 72b penetrates said 2nd 
separator 16 in the 2nd separator 16, and is provided in it. 

[0017]As shown in drawing 5 , the slot 28 is established in the field 16a which counters the anode 
electrode 22 of the 2nd separator 16 that pinches this solid polyelectrolyte membrane 18 in the 
position corresponding to the flash part 18a of said solid polyelectrolyte membrane 18 here, 
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Adhesive fluid-sealant (adhesive seal) S is applied to this slot 28. The entrance-side fuel gas 
communicating hole 36a of the field 16a of this 2nd separator 16 t The slot 30 is formed also in 
the circumference of the entrance-side oxidant gas communicating hole 38a, the entrance-side 
cooling-medium communicating hole 40a t the outlet side cooling-medium communicating hole 
40b, the outlet side fuel gas communicating hole 36b, and the outlet side oxidizer gas 
communicating hole 38b, and adhesive fluid-sealant (adhesive seal) S is applied also to this slot 
30. However, about the slot 30, since the 1st separator 14 and the 2nd separator 16 have pasted 
one with the adhesive seal applied to the slot 28, the sea! of non adhesion nature may be used. 
Here, the slot 30 around said entrance-side cooling-medium communicating hole 40a and the 
outlet side cooling-medium communicating hole 40b is formed so that the 1st cooling-medium 
coupling channel 76 and the 2nd cooling-medium coupling channel 78 may be surrounded 
respectively. 

[0018]Also to the field 14a which counters the cathode terminal 20 of the 1st separator 14 that 
pinches the fuel cell cell 12 with said 2nd separator 16. As shown in drawing 2, the slot 28 and 
the slot 30 are formed in the position corresponding to the slot 28 and the slot 30 of the field 
16a of said 2nd separator 16, and adhesive fluid-sealant (adhesive seal) S is applied to each 
slots 28 and 30. Therefore, each fluid-sealant S applied to the slots 28 and 30 of the 1st 
separator 14 and the 2nd separator 16 which pinch these fuel cell cells 12 as shown in drawing 3 
and drawing 7 , If it is in fluid-seaiant S of the slot 28, pinch said flash part 18a in the position 
which faces each other from both sides, stick directly, and the seal of the circumference of the 
fuel cell cell 12 is carried out, If it is in fluid-sealant S of the slot 30, it sticks mutually and the 
seal of the circumference of each communicating holes 36a, 36b, 38a, 38b, 40a, and 40b is 
carried out, 

[0019]As shown in drawing 6 , in the field 16b of said 2nd separator 16, When two or more unit 
fuel cells 10 are laminated, it is a position which counters the field 14b of said 1st separator 14, 
and the slot 34 which encloses the circumference of the branching channel slot 74 is formed, 
and the fluid sealant (nonadherent sea!) S1 of non adhesion nature is applied to this slot 34. The 
entrance-side fuel gas communicating hole 36a of the field 16b of this 2nd separator 16, The 
entrance-side oxidant gas communicating hole 38a, the entrance-side cooling-medium 
communicating hole 40a, the outlet side cooling-medium communicating hole 40b, The slot 35 is 
formed also in the circumference of the outlet side fuel gas communicating hole 36b and the 
outlet side oxidizer gas communicating hole 38b, and the fluid sealant (nonadherent seal) S1 of 
non adhesion nature is applied to this slot 35, 

[0020]Here, the slot 35 around said entrance-side fuel gas communicating hole 36a and the 
outlet side fuel gas communicating hole 36b is formed so that the 1st fuel gas coupling channel 
64 and the 2nd fuel gas coupling channel 66 may be surrounded respectively. The slot 35 around 
the entrance-side oxidant gas communicating hole 38a and the outlet side oxidizer gas 
communicating hole 38b is formed so that the entrance-side oxidant gas communicating hole 38a 
and the outlet side oxidizer gas communicating hole 38b of the field 14b of said 1st separator 14 
may be surrounded. 

[0021]Thus, if the field 14b of the 1st separator 14 and the field 16b of the 2nd separator 16 are 
polymerized when the unit fuel cell 10 is laminated, The entrance-side fuel gas communicating 
hole 36a, the entrance^side oxidant gas communicating hole 38a, the entrance-side cooling- 
medium communicating hole 40a, Because each fluid sealant S1 by the side of the 2nd separator 
16 sticks to the field 14b of the 1st separator 14 the circumference of the outlet side cooling- 
medium communicating hole 40b, the outlet side fuel gas communicating hole 36b, and the outlet 
side oxidizer gas communicating hole 38b, and around the branching channel slot 74. The 
watertightness of the 1st separator 14 and the 2nd separator 16 is secured. 
[0022]Here, said fluid-sealant S and S1 have the viscosity which is a grade which it becomes, 
and to which sectional shape does not change from a heat-hardened type fluorine system or 
heat-hardened type silicon in the state where it applied, and hold and harden a certain amount of 
elasticity after spreading. Here as fluid-sealant S which is said adhesive seal, For example, the 
heat-hardened type fluorine system sealing compound and heat-hardened type silicon sealing 
compound which have a hydroxyl group which participates in adhesion can be used for the side 
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chain mentioned later, and the heat-hardened type fluorine system sealing compound mentioned 
later can be used, for example as the fluid sealant S1 which is a seal of said non adhesion 
nature. 

[0023]Operation of the unit fuel cell 10 constituted in this way is explained below. While fuel gas, 
for example, the gas containing the hydrogen which reformed hydrocarbon, is supplied, in order 
to supply air or oxygen containing gas (only henceforth air) as oxidant gas and to coo! the power 
generation surface further, a cooling medium is supplied to the unit fuel cell 10, As shown in 
drawing 3 , the fuel gas supplied to the entrance-side fuel gas communicating hole 36a of the unit 
fuel cell 10 moves to the field 16a side from the field 16b side via the 1st fuel gas coupling 
channel 64, and is supplied to the 1st fuel gas flow route slot 60 currently formed in this field 
16a side. 

[0024]The fuel gas supplied to the 1st fuel gas flow route slot 60 moves to a gravity direction, 
moving in a zigzag direction horizontally along the field 16a of the 2nd separator 16, In that case, 
the hydrogen containing gas in fuel gas is supplied to the anode lateral electrode 22 of the fuel 
cell cell 12 through the 2nd gas diffusion layer 26. And while intact fuel gas is supplied to the 
anode lateral electrode 22, moving along the 1st fuel gas flow route slot 60, It is introduced into 
the 2nd fuel gas coupling channel 66 via the 2nd fuel gas flow route slot 62 shown in drawing 5, 
and it is discharged by the outlet side fuel gas communicating hole 36b shown in drawing 2 after 
moving to the field 16b side. 

[0025]The air supplied to the entrance-side oxidant gas communicating hole 38a in the unit fuel 
cell 10 is introduced into the 1st oxidant gas passage groove 42 via the 1st oxidant gas coupling 
channel 46 which is open for free passage to the entrance-side oxidant gas communicating hole 
38a of the 1st separator 14 as shown in drawing 3 . While the air supplied to the 1st oxidant gas 
passage groove 42 moves in a zigzag direction horizontally and moving to a gravity direction, the 
oxygen containing gas in this air is supplied to the cathode lateral electrode 20 from the 1st gas 
diffusion layer 24. On the other hand, intact air is discharged by the outlet side oxidizer gas 
communicating hole 38b from the 2nd oxidant gas coupling channel 48 via the 2nd oxidant gas 
passage groove 44, as shown in drawing 2 . Electric power will be supplied to the motor which 
power generation is performed with the unit fuel cell 10, for example, is not illustrated by this. 
[0026]As shown the cooling medium supplied to the unit fuel cell 10 in drawing 2 , after being 
introduced into the entrance-side cooling-medium communicating hole 40a, as shown in drawing 
6, it is supplied to the mainstream way slot 72a by the side of the field 16b via the 1st cooling- 
medium coupling channel 76 of the 2nd separator 16 again, A cooling medium joins the 
mainstream way slot 72b, after cooling the power generation surface of the fuel cell cell 12 
through two or more branching channel slots 74 which branch from the mainstream way slot 72a. 
And the cooling medium after use is discharged from the outlet side cooling-medium 
communicating hole 40b through the 2nd cooling-medium coupling channel 78, 
[0027]Next, each mode of the lamination procedure of the 1st and 2nd separator 14 and 16 is 
explained. Fluid-sealant S similarly applied to the slot 30 when fluid-sealant S applied to the slot 
28 and the slot 34 in the following explanation and S1 are explained and fluid-sealant S is applied 
to the slot 28, When the fluid sealant S1 is applied to the slot 34, the explanation about the fluid 
sealant S1 similarly applied to the slot 35 is omitted. When the state where it applied is shown 
when fluid-sealant S and S1 show in a circular section, and four angles (when shown in drawing 
7) or a hexagon section shows, the state where it stuck by pressure and hardened is shown. And 
suppose that the thing of a low adhesive property mentioned later is included in what is 
explained to be non adhesion during the following explanation. 

[0028]In the 1st mode shown in drawing 8 , the fluid sealant S1 is first applied to the slot 34 of 
the field 16b of the 2nd separator 16. This fluid sealant S1 is an adhesive seal. Next, using the 
mold release jig R (a broken chain line shows) which performed Teflon (registered trademark) 
coating, the fluid sealant S1 applied to the above-mentioned slot 34 is stuck by pressure, and is 
heated and stiffened, In the mold release jig R side (Sb side), connecting-and-disconnecting 
arrival strength becomes small not making it not mention later, and the fluid sealant S1 which 
this has pasted up to the slot 34 because the above-mentioned adhesive seal hardens (Sa side) 
turns into a seal of non adhesion nature. Here, the above-mentioned non adhesion seal and a 
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bonded seai are distinguished by the shear bonding strength at the time of being used, and are 
not classified according to the kind of adhesives. And the fuel ceil cell 12 is pinched between the 
1st separator 14 that applied fluid-sealant S to the slot 28 side of this 2nd separator 16, and 
applied another fluid-sealant S to the slot 28, Attachment of the unit fuel eel! 10 is finished by 
heating and hardening fluid-sealant S in the state where it was crowded with each fluid-seafant 
S on both sides of the solid polyelectrolyte membrane 18, 

[0029]Therefore, this mode can be expressed as follows as a manufacturing method of fuel cell 
stack N, Solid polyelectrolyte membrane (for example, solid polyelectrolyte membrane 18 in an 
embodiment) The anode side diffusion electrode. (For example, the anode electrode 22 and the 
2nd diffusion zone 26 in an embodiment), and the cathode side diffusion electrode, (For example, 
the cathode terminal 20 and the 1st diffusion zone 24 in an embodiment) The electrode layer 
structure constituted by pinching, (For example, the fuel cell cell 12 in an embodiment) The 
separator of a couple, (for example, also in an embodiment, it pinches by 2nd separator 16) of 
the 1st separator 14 and another side, and a unit fuel cell. In the manufacturing method of the 
fuel cell stack (for example, fuel cell stack N in an embodiment) constituted by forming (for 
example, the unit fuel cell 10 in an embodiment), and laminating two or more these unit fuel cells, 
Are a field of the separator of another side, while adjoins, and the separator side A field. The 
fluid sealant of an adhesive property [ prescribed position / (for example, slot 34 in an 
embodiment) / of (the field / for example, / 16b in an embodiment) ]. Stick said adhesive seal by 
pressure with a jig (for example, the mold release jig R in an embodiment) with a mold-release 
characteristic, carry out heat cure, use [ apply (for example, the fluid sealant S1 in an 
embodiment), ] the above-mentioned adhesive seai as the fluid sealant of non adhesion nature, 
and it ranks second, Are a field of the separator of above-mentioned another side, and The field 
by the side of an electrode layer structure. The fluid sealant of an adhesive property [ prescribed 
position / (for example, slot 28 in an embodiment) / of (the field / for example, / 16a in an 
embodiment) ]. Apply (for example, fluid-sealant S in an embodiment), and among the fields of 
said one separator The field by the side of an electrode layer structure. Heat cure of the 
electrode layer structure is pinched and carried out between the adhesive fluid sealants applied 
to the prescribed position (for example, slot 28 in an embodiment) of (the field [ for example, ] 
14a in an embodiment), and it is characterized by laminating these. 

[0030]Since while is laminated by the fluid sealant of the separator of another side, and this and 
a separator separates easily with constituting in this way, there is an effect it becomes easy to 
decomposition reassemble, 

[0031]Therefore, when the above-mentioned unit is laminated and fuel cell stack N is 
manufactured, in the portion of the fluid sealant S1 which used said mold release jig R and 
carried out sticking-by-pressure solidification, A case since the 1st separator 14 can be 
removed easily, so that the specific solid polyelectrolyte membrane 18 may be exchanged, for 
example, When the 1st separator 14 and the 2nd separator 16 must be exchanged, the whole unit 
fuel cell 10 is attached, removal is possible, and it excels in the Ribi Rudo nature which can 
perform a decomposition reassembly easily. Since adhesive fluid-sealant S is used between the 
1st separator 14 and the 2nd separator 16 which pinch the fuel cell cell 12 here, in this portion, 
peeling is not caused at the time of a decomposition reassembly. Since the above-mentioned 
fluid sealant S1 is pasted up on the slot 34 of the 2nd separator 16, this does not drop out at 
the time of with a group. 

[0032]Next, the 2nd mode shown in drawing 9 is explained. First, the fluid sealant S1 which is a 
seal of non adhesion nature is applied to the slot 34 of the field 16b of the 2nd separator 16, 
Next, the field 14b is laid on top of the field 16b of the 2nd separator 16 for the 1st separator 14, 
and the fluid sealant S1 is hardened. And fluid-sealant S which is an adhesive seal is applied to 
the slot 28 of the field 16a of the 2nd separator 16, Between the 1st separator 14 and the 2nd 
separator 16 which applied fluid-sealant S to the slot 28 beforehand, the fuel cell cell 12 can be 
pinched, fluid-sealant S can be heated and stiffened, and the unit fuel cell 10 can be assembled. 
[0033]Therefore, this mode can be expressed as follows as a manufacturing method of fuel cell 
stack N. Solid polyelectrolyte membrane (for example, solid polyelectrolyte membrane 18 in an 
embodiment) The anode side diffusion electrode. (For example, the anode electrode 22 and the 
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2nd diffusion zone 26 in an embodiment), and the cathode side diffusion electrode. (For example, 
the cathode terminal 20 and the 1st diffusion zone 24 in an embodiment) The electrode layer 
structure constituted by pinching, (For example, the fuel cell cell 12 in an embodiment) The 
separator of a couple, (for example, also tn an embodiment, it pinches by 2nd separator 16) of 
the 1st separator 14 and another side, and a unit fuel cell. In the manufacturing method of the 
fuel cell stack (for example, fuel cell stack N in an embodiment) constituted by forming (for 
example, the unit fuel cell 10 in an embodiment), and laminating two or more these unit fuel cells, 
Are a field of the separator of another side, while adjoins, and the separator side A field. To the 
prescribed position (for example, slot 34 in an embodiment) of (the field [ for example, ] 16b in an 
embodiment). The fluid sealant (for example, fluid sealant S1 in an embodiment) of non adhesion 
nature is applied, one separator is piled up here, said fluid sealant is hardened, and it is a field of 
the separator of another side, and is a prescribed position (for example) of the field (for example, 
field 16a in an embodiment) by the side of an electrode layer structure. An adhesive fluid sealant 
(for example, fluid-sealant S in an embodiment) is applied to the slot 28 in an embodiment, Heat 
cure of the fuel cell cell 12 is pinched and carried out between the adhesive fluid sealants 
applied to the prescribed position (for example, slot 28 in an embodiment) of the field (for 
example, field 14a in an embodiment) by the side of an electrode layer structure among the fields 
of the separator of said one of these, and it is characterized by laminating these. 
[0034]Since while is laminated by the fluid sealant of the separator of another side, and this and 
a separator separates easily with constituting in this way, there is an effect it becomes easy to 
decomposition reassemble. 

[0035]Therefore, since the seal of the 1st adjoining separator 14 and the 2nd separator 16 is 
carried out with the fluid sealant S1 which is a seal of non adhesion nature when the above- 
mentioned unit is laminated also in this mode and fuel cell stack N is manufactured, the 
decomposition reassembly bordering on this part is easy. Since adhesive fluid-sealant S is used 
between the 1st separator 14 and the 2nd separator 16, peeling is not caused in this portion. 
[0036] Next, the 3rd mode shown in drawing 10 is explained, First, fluid-sealant S which is an 
adhesive seal is applied to the slot 28 of the 1st separator 14, and the fluid sealant S1 which is a 
seal of non adhesion nature again about fluid-sealant S which is an adhesive seal in the slot 34 
of the field 16b is applied to the slot 28 of the field 16a of the 2nd separator 16. And with the 
1st separator 14, two or more set lamination afterbaking of the fuel cell cell 12 and the 2nd 
separator 16 is pinched and carried out, and they are hardened. 

[0037]Therefore, this mode can be expressed as follows as a manufacturing method of fuel cell 
stack N. Solid polyelectrolyte membrane (for example, solid polyeiectrolyte membrane 18 in an 
embodiment) The anode side diffusion electrode. (For example, the anode electrode 22 and the 
2nd diffusion zone 26 in an embodiment), and the cathode side diffusion electrode. (For example, 
the cathode terminal 20 and the 1st diffusion zone 24 in an embodiment) The electrode layer 
structure constituted by pinching. (For example, the fuel cell celt 12 in an embodiment) The 
separator of a couple, (for example, also in an embodiment, it pinches by 2nd separator 16) of 
the 1st separator 14 and another side, and a unit fuel celt. In the manufacturing method of the 
fuel cell stack (for example, fuel cell stack N in an embodiment) constituted by forming (for 
example, the unit fuel cell 10 in an embodiment), and laminating two or more these unit fuel cells, 
Among the fields of one separator, the prescribed position of the field (for example, field 14a in 
an embodiment) by the side of an electrode layer structure. The fluid sealant of an adhesive 
property [ (slot / 28 / for example, / in) an embodiment ]. Apply (for example, fluid-sealant S in 
an embodiment), and are a field of the separator of another side, while adjoins, and it is a fluid 
sealant (for example) of non adhesion nature to the prescribed position (for example, slot 34 in 
an embodiment) of the field (for example, field 1 6b in an embodiment) by the side of a separator. 
The fluid sealant S1 in an embodiment is applied, and it is a field of the separator of another side, 
The prescribed position of the field (for example, field 16a in an embodiment) by the side of an 
electrode layer structure. It is characterized by carrying out heat cure, where it applied the 
adhesive fluid sealant (for example, fluid-seaiant S in an embodiment) to (for example, the slot 28 
in an embodiment), it pinched the electrode layer structure and the separator of another side 
between one separators and two or more sets are laminated. 
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[0038]Since while is laminated by the fluid sealant of the separator of another side, and this and 
a separator separates easily with constituting in this way, there is an effect it becomes easy to 
decomposition reassemble, Since the fluid sealant of an adhesive property and non adhesion 
nature can be hardened at a time, without dividing a process into two like said 1st and 2nd mode, 
processes can be reduced, and it is effective in excelling in productivity. 
[0039]Therefore, when the above-mentioned unit is laminated also in this mode and fuel cell 
stack N is manufactured, since the 1st adjoining separator 14 and the 2nd separator 16 have 
pasted up with the fluid sealant S1 which is a seal of non adhesion nature, the decomposition 
reassembly for every unit fuel cell 10 is easy. Since exfoliation does not arise in fluid^-sealant S 
which is pinching the fuel cell cell 12, the point which peeling does not produce in this part is the 
same as that of said each mode. In this mode, since fluid-sealant S and S1 can be hardened at a 
time, without dividing a process into two like the 1st and 2nd previous mode, processes can be 
reduced and it excels in productivity. 

[0040]Next, the 4th mode shown in drawing 1 1 is explained. First, fluid-sealant S which is an 
adhesive seal is applied to the slot 28 of the field 16a of the 2nd separator 16, And with this 2nd 
separator 16 and the 1st separator 14 that applied to the slot 28 beforehand fluid-sealant S 
which is an adhesive seal, the fuel cell cell 12 is pinched, adhesion afterbaking of said both fluid- 
sealants S is carried out, it is stiffened, and the unit fuel cell 10 is assembled. And solid seal KS1 
which is a seal of non adhesion nature is set to the slot 34 of the field 16b of the 2nd separator 
16. This solid seal KS1 can be pasted up to the slot 34, 

[0041] Therefore, this mode can be expressed as follows as a manufacturing method of fuel cell 
stack N. Solid polyeiectrolyte membrane (for example, solid polyelectrolyte membrane 18 in an 
embodiment) The anode side diffusion electrode. (For example, the anode electrode 22 and the 
2nd diffusion zone 26 in an embodiment), and the cathode side diffusion electrode. (For example, 
the cathode terminal 20 and the 1st diffusion zone 24 in an embodiment) The electrode layer 
structure constituted by pinching. (For example, the fuel cell cell 12 in an embodiment) The 
separator of a couple, (for example, also in an embodiment, it pinches by 2nd separator 16) of 
the 1st separator 14 and another side, and a unit fuel cell. In the manufacturing method of the 
fuel cell stack (for example, fuel cell stack N in an embodiment) constituted by forming (for 
example, the unit fuel cell 10 in an embodiment), and laminating two or more these unit fuel cells, 
Are a field of the separator of another side and The prescribed position of the field (for example, 
field 16a in an embodiment) by the side of an electrode layer structure. The fluid sealant of an 
adhesive property [ (slot / 28 / for example, / in) an embodiment ], Apply (for example, fluid- 
sealant S in an embodiment), and an adhesive fluid sealant (for example, fluid-sealant S in an 
embodiment) is applied to the prescribed position (for example, slot 28 in an embodiment) of the 
field (for example, field 14a in an embodiment) by the side of an electrode layer structure among 
the fields of one separator Pinch an electrode layer structure with these one separator and the 
separator of another side, and carry out adhesion afterbaking of both the fluid sealants of each 
other, and they are hardened, Are a field of the separator of another side, while adjoins, and the 
separator side A field. The field by the side of one separator sets the solid sea! (for example, 
solid seal KS1 in an embodiment) of non adhesion nature to the prescribed position (for example, 
slot 34 in an embodiment) of (the field [ for example, ] 16b in an embodiment), and it is 
characterized by laminating these. 

[0042]Since while is laminated by the solid seal of the separator of another side, and this and a 
separator separates easily with constituting in this way, there is an effect it becomes easy to 
decomposition reassemble. Since the solid seal is fabricated beforehand externally, what is 
necessary is just to be able to set it to a prescribed position at the time of an assembly, it can 
skip the process applied like [ at the time of using a liquefied seal ], and can improve 
productivity. 

[0043]Therefore, also in this mode, since a decomposition reassembly becomes possible easily in 
solid seal KS1 when the above-mentioned unit is laminated and fuel cell stack N is 
manufactured, the exchange for every unit fuel cell 10 becomes easy, and it excels in the Ribi 
Rudo nature. Since what is necessary is just to fabricate this solid seal KS1 beforehand 
externally, and to set it to this slot 34, it can skip the process applied like [ at the time of using a 
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fluid sealant ] P and can improve productivity. And since fluid-seatant S which is an adhesive seal 
is used in the portion which pinches the fuel cell cell 12, in this portion, peeling is not caused in 
the case of a decomposition reassembly. Thus, the 1 st separator 1 4 laminated in the mode 
mentioned above, the fuel cell cell 12, and 2nd two or more sets of separator 16 are laminated, it 
binds tight with said 1st and 2nd end plate 80 and 82, and fuel cell stack N is assembled. 
[0044]Here, as shown in drawing 12 and drawing 13 , shear strength measurement when two 
separator SP pastes up by fluid-sealant SS was performed, measurement can be set in two 
separator SP's (ength direction — it polymerizes and ** can be set 20 mm and crosswise — it 
polymerized, *# was set as 25 mm, and it pulled in the length direction, and carried out by speed 
50 mm/min, The fluid-sealant agent and separator material which were used are shown in Table 
1. Here, the sealing compound stiffened the heat-hardened type fluorine system sealing 
compound 1 and the heat-hardened type fluorine system sealing compound 2 at 120 ** in 3 
hours. The heat-hardened type silicon sealing compound was stiffened at 120 ** in 1 hour. On 
the other hand, as for the separator material, mold carbon used the thing of 20% of phenol resin 
with 80% of carbon powder, and calcination carbon used what cut the calcination carbon plate. 
[0045] 
[Table 1] 
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[0046]An experimental result is shown in drawing 14 > The materia! which uses shear bonding 
strength (kgf/cm2) for a horizontal axis is shown on a vertical axis by drawing 14 , When the 
heat-hardened type fluorine system sealing compound 1 is used according to this experimental 
result, Even if it is a case where any of mold carbon, calcination carbon, SUS316 (stainless 
material), and AL are used as a material of a separator, Peeling was produced [ in / no / the 
cohesive site ] even if it damaged the separator, when [ at which it applied ] it tested at the 
above-mentioned tension speed, after carrying out afterbaktng and making it harden. The same 
result was obtained even when a heat-hardened type silicon sealing compound (addition reaction 
type) was used. 

[0047]When the above-mentioned heat-hardened type silicon sealing compound is used, here, 
Since the shear bonding strength to mold carbon and sintering carbon was at least 2 kgf/cm2, If 
a separator and the connecting-and-disconnecting arrival strength which is not carried are two 
or more 2 kgf/cm when modularizing per a unit fuel cell or several sets of unit fuel cells, it can 
be judged that lamination and desorption are possible, without exfoliating on handling. That is, as 
for an adhesive seal, shear bonding strength shows a two or more 2 kgf/cm thing. 
[0048]On the other hand, since the type which hardly has an adhesion functional group in the 
heat-hardened type fluorine system sealing compound 2 was used, It actually applied to the 
calcination carbon separator or the mold carbon separator, and when it tried to have torn off a 
separator in a transverse direction by hand after stiffening the fluid sealant and assembling it as 
a unit fuel cell, it was able to tear off easily. The shear bonding strength to each above- 
mentioned separator material of the above-mentioned heat-hardened type fluorine system 
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sealing compound 2 can remove the faulty unit cell 10 easily, even if a defect will be revealed in 
a fuel cell stack if it is two or less 0,5 kgf/cm since it is 0-0,5kgf/cm2, That is, a non adhesion 
seal shows that whose shear bonding strength is two or less 0.5 kgf/cm. In the range of 0.5 - 2 
kgf/cm2, shear bonding strength shall include a thing in a non adhesion seal as a low bonded 
seal. 

[0Q49]Here, as mentioned above, the above-mentioned non adhesion seal and a bonded seal are 
distinguished by the shear bonding strength at the time of being used, and are not classified 
according to the kind of adhesives. Therefore, when heat cure of the separator is stuck and 
carried out to the portion after applying, even if shear bonding strength is an adhesive sealant 
which is two or more 2 kgf/cm t When the shear bonding strength in the portion is smaller than 2 
kgf/cm2 if it is used sticking a separator after applying and carrying out heat cure and carrying 
out fixed time neglect, it becomes a nonadherent seal (low bonded seal). 
[0050]The anode electrode 22 and the 2nd diffusion zone 26 which constitute the electrode 
reaction side of said fuel cell cell 12 via the fuel cell cell 12 between said 1st separator 14 and 
the 2nd separator 1 6 according to the above-mentioned embodiment, Fluid-sealant S which is an 
adhesive seal in order to prevent the leakage of the reactant gas to a peripheral part with the 
cathode terminal 20 and the 1st diffusion zone 24 is provided, The fluid sealant Si which is a 
seal of non adhesion nature between the adjoining field 14b of the 1st separator 14 and the field 
16b of the 2nd separator 16, Or since solid seal KS1 was provided, the 1st separator 14 and the 
2nd separator 16 which adjoin mutually between said laminated unit fuel cells 10 in the portion 
which has applied the fluid sealant S1 which is a seal of non adhesion nature are easily 
separable. 

[0051]Therefore, when the 1st separator 14 and the 2nd separator 16 must be damaged and the 
unit fuel cell 10 must be exchanged for example, It excels in the Ribi Rudo nature which can 
perform the above-mentioned decomposition reassembly easily between the 1st adjoining 
separator 14 and the 2nd separator 16. Since adhesive fluid-sealant S is used between the 1st 
separator 14 and the 2nd separator 16 which pinch the fuel cell cell 12 here, in this portion, 
peeling is not caused at the time of a decomposition reassembly. 

[0052]Fluid-sealant S directly stuck to the flash part 18a provided in the circumference of said 
solid polyelectrolyte membrane 18 carries out a shape change between the solid polyelectrolyte 
membrane 18 and the 1st and 2nd separator 14 and 16, and follows the variation in a seal size, 
Since it can intervene without a crevice among both where fixed planar pressure is secured in 
35, each slots 28, 30, and 34 and, and the airtightness between both can be secured, Uniform 
sea! reaction force is acquired over the perimeter between the 1st and 2nd separator 14 and 16 
and the fuel cell cell 12, and uniform sealing nature can be secured. Therefore, it is not 
necessary to perform strictly the dimensional control in the division thickness direction of the 
1st and 2nd separator 14 and 16 or the fuel cell cell 12, dimensional accuracy management 
becomes easy from the goodness of the flattery nature to the size error by fluid-sealant S, and 
a cost cut can be aimed at 

[0053]Fiuid-sealant S applied to the slot 28 of the 1st and 2nd separator 14 and 16, Since it can 
stick to the flash part 18a of said solid polyelectrolyte membrane 18 and can change according 
to a seal size where fixed width is maintained in the slot 28, the fuel cell cell 12 is only pinched 
with the 1st and 2nd separator 14 and 16, and the airtightness in a seal part can be secured. 
[0054] And when fluid-sealant S absorbs the variation in the seal size between the 1st and 2nd 
separator 14 and 16 and the flash part 18a of the solid polyelectrolyte membrane 18, since the 
power which inclined toward each separators 14 and 16 can be prevented from acting, the 
thinning of each separators 14 and 16 can be attained — as a whole — a light weight — and it 
can miniaturize. Therefore, it is suitable when used as an object for vehicles which a disposition 
space has restriction and needs to slim down each separators 14 and 16 as much as possible, 
[0055]In order to stick fluid-sealant S directly to the solid polyelectrolyte membrane 18, it is 
advantageous at the point which can reduce part mark and a man-hour for assembly around the 
fuel electrical-and-electric-equipment cell 12 as compared with the case where a frame shape 
frame is provided, for example. And the planar pressure of fluid-sealant S to the solid 
polyelectrolyte membrane 18 also becomes uniform, and the power toward which the solid 
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polyelectrolyte membrane 18 inclined is not received. Since it can change according to this even 
when the solid polyelectrolyte membrane 1 8 strikes a wave, wrinkles do not occur in the solid 
polyelectrolyte membrane 18, 
[0056] 

[Effect of the Invention]In between said unit fuel cells which were laminated according to the 
invention indicated to Claim 1 as explained above, Since the nonadherent sea! is used between 
adjoining separators and both separators are easily separable in this portion, For example, after 
assembling a fuel cell stack, when it seems that he would like to exchange a unit fuel cell, an 
easily applicable unit fuel cell can be removed, and it is effective in excelling in the Ribi Rudo 
nature- In removing a unit fuel cell in this way, since the adhesive seal is used between the 
separators of a couple, exfoliation does not arise between electrode layer structures, and 
exfoliation does not break out between each diffusion electrode and a separator in a satisfactory 
unit fuel cell 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the whole embodiment erection diagram of this invention, 

[Drawing 2] It is an important section exploded perspective view of the embodiment of this 

invention, 

[Drawing 3] It is an A-A sectional view of drawing 2 , 

[Drawing 4] It is B view figure of drawing 2 of the 1 st separator of the embodiment of this 
invention. 

[Drawing 5] It is C view figure of drawing 2 of the 2nd separator of the embodiment of this 
invention. 

[Drawing 6] It is D view figure of drawing 2 of the 2nd separator of the embodiment of this 
invention. 

[Drawing 7] It is the elements on larger scale of drawing 3 of the embodiment of this invention. 
[Drawing 8j lt is an explanatory view showing the 1st mode of the lamination procedure of the 
embodiment of this invention. 

[Drawing 9] It is an explanatory view showing the 2nd mode of the lamination procedure of the 
embodiment of this invention, 

[Drawing 10] It is an explanatory view showing the 3rd mode of the lamination procedure of the 
embodiment of this invention. 

[Drawing 1 1] It is an explanatory view showing the 4th mode of the lamination procedure of the 
embodiment of this invention. 

[Drawing 12] It is a side explanatory view showing an experiment situation. 
[Drawing 13] It is X view figure of drawing 12 . 

[Drawing 14]They are graph charts showing an experimental result. 
[Drawing 15] It is a sectional view of conventional technology. 
[Description of Notations] 
10 Unit fuel cell 

12 Fuel cell cell (electrode layer structure) 

1 4 The 1 st separator 

1 6 The 2nd separator 

18 Solid polyelectrolyte membrane 

20 Cathode terminal 

22 Anode electrode 

24 The 1st gas diffusion layer 

26 The 2nd gas diffusion layer 

N Fuel cell stack 

S Fluid sealant (adhesive seal) 

S1 fluid sealant (nonadherent sea!) 
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[Drawing 3] 
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[Drawing 1 3] 
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[Drawing 9] 
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This document discloses a fuel cell stack including multiple fuel cells that 
are bonded to one another directly or indirectly via inclusion at a inter-cell 
bonding portion (Paragraphs [0002] -[0004], Fig. 15). 
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©iift^T-^sm i 8 *«A/-PE»*n**y- f 
c*y- k«S2 oRtfuwar/- Km 2 2 tat, 09 

-§ffl^T^5, 4fc, ^y-Fl!!2 0. 7V-F1 

K*ffi2 0 fcjg I #x$«tJi2 4 tt?*y- KffiKfft* 
ft, ±IB7V- 2 2 2 tfX&ttS 
2 4 tT°7/~- KNUMfiW^he. 

[0010) Bttft^iffHR 1 steau cn*«A/ 

TffiiSJtlS^y- FII2 0Rtf7/- F1S2 24> 
^Ji^Btt^fflf 8 a»^n, COB 

L95 1 8 a teWJS^*ffiBK|WI*»6J|| 1 2 30 

■fe^p-^t 14, i 6fcfc#*ttfcft^*«eKi'-"-;]/ 
[0 0 1 l] 69 4 fciafaM; 5 te„ 9$ l -b^U—^ 1 4 

oap{p«^xj1®?l3 eat mm^fjTsXte^ 

XjgiI7L3 8 a t*fl|AT^*o S 1 1 4<0 

MJL4 0 a fc, €fflft©t&fEWi«#^ji®$-&§/ci6 
[0 0 12] gfc, §1 1 ■fe^l'-£ 1 4©¥ffif*T<?&o 

b APiiiM^xiM7L3 6 amxnmmtffl 

^XJljilL3 8 a tJWSffiB(Cft*«t^tC»tJ&nT^ 

•So 

[00 13] g2Kin^;:, li-t;^-^ 1 4co 50 
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4 

*y-K**2 ofcWfSrr^ii i 4 a {a*, ADiift 
^n^nafitftje i admass* 4 2 *>\ ?j<¥7f 

31 1 ttfGWtf x&ftfi&i* 4 2 3 *©3? 2 SWfcSWXjft 

ggw 4 4 taw u ticomz mit%W7Mmm 4 4 #tu 

[0 0 14] H4K^J:-5fc, ggl-fe/^-* 1 4fc 
«, 4 fcfcfefc, -« 

«Ua fct4Kft«)©iS 1 4 bT'AP{H$Hfc#j#X3i 

a?L3 8 afcaa-r^-zj, fawMiasi 1 4 an?* 
1 mmfizffltmA 2 fcjgii-rass 1 «ffcjw^«s 
mis 4 6 1, -tmmffi 1 4 btt-ifffioflttffcjwjtrx 

ia?L3 8 bte»Wa-*x immmiM 1 4 afflBT? 
Jg 2 UMfc$Wxjft8S» 4 4 JcjlMT &£ 2 BftaWfXal 
Km 4 8 fcff, MfaH 1 -fe^l— £ 1 4£J}MLT1§ 

[0 0 15] H5, H6fc^t-J;^t;:, ^2-feMU-^ 
1 6 ©sRHrtTf* o T^SSSPKft AW" 3«#fiffiWjjt[ 
Ktt, Sgi-fe^W* l 4i:RiaiK, APlW^xl 
il?L3 6 a, AP«tgiJ^X?iffl?L3 8 a, AP«£ 
£Pilf*ii»?L4 0 a, fflnffl*9£fti^?L4 0tK tB 
PiJM^X)l®?L3 6 bRXftonmtRffltfxWMJL 
3 8 b«?nTt^c, 8MBJ82*^l-— f 1 ecDffi 
l 6 atetts APillW^xajl?L3 6 afcjfigLTti 

it*, mtfs 6*o^ i TO^fxm^e oac»«* 

t ft* SfiTjTJI^lfC fofr o T^ffi L-, 3 Jf(0m 2 JttB^tf 
2-fe^W^ 1 6fC(i, APfl«^XjlillL3 6 a^ 

ffi 1 6 b«s^6» i mn^xm^meoicmmt^m i 

4 t, WPijW^XlJl?L3 6 b 

[0 0 1 6] 03, H6KjRtJ:5fc, Sl2-bMU-^ 
160116 btc«, APW^«#3lS?L4 0 a Rtf 

thspiiM«i#aiifL4 o bfc^ur»»j«*»flBi« 

3£i^»7 2 a, 7 2 blltca, *ft¥W*tt* 

nti^o m2wu-2 i etctt, APfflWi5ft}i 
m?L4 o a fciriissri7 2 a t^ii^-r^B i mmt* 
memti 6 tnpfflu^»M?L4 o b tmm 
m7 2b £%m®?z>m2i%i$m{*mmffi% ! 7 s tt>\ 

[0017] lCT; 05 fc^-TJ: 5 WBmWKto 
^rnVMB l 8 ©tt*a Lg|5 1 8 a tcWJErrsttBllctt 



5 

1 6©7/-K««2 2fc#|RlT*iIl 6aK»»28 
1 6 1 6 a©APfJfM#X«iI?L3 6 a, A 

o a, f±iPM^»3im4 o b, toaMmfizm 

M7L3 6 bfttfttiPW»tJW^fX«BBi3 8 bOJifflfc 
&PSI5 3 0»K2tu E©»|»3 Otefeifcfte©MEK 

as 3 o K-D^xa, m® 2 8 icmft Ltrnm^-Mc m 
&*>m i k>Ms-$ 1 4 tmz*.*\s~-z i etf-WK 

af, MIBAPi!l^^B5ifL4 0afcttSPiJ 
m^«f«ffl?L 4 0b t©«H<D»SB5 3 0 &^gt 1 
^]«{*3S^Mgg7 6, |2ft«ftMW7 8£H 

Coois] gfc, WfB»2-fe^W^ 1 6£&KM 

IM^/V 1 2 *KJW*JB 1 1 4 <D*V- F 

flffli 2 0 KJtl^TfSffi HaKk 8 2 KzjVf <fc 5 KM 
IBS? 2 *L>W-# 1 6 <Dffi I 6 a ©8WB 2 8 2fetfi(ttP 3 20 

k^t j: -5 fc, 1 2 1 

■fe^b-* 1 4££2"fe;<U-$f 1 6 i:£0}fg|?2 8, 3 

;l/ S ic h d Tteiffjf Bfct&tti L«5 1 8 a «96fl Ifr h ifijfr v 
£r -5 SBT"$£J U Tifi&fgif t«ltte/l/ l 2 OSH 
%^-/VU JWB3 0©»«^— /US^-pTttSVte 
^#LT£?Sil?L3 6 a, 3 6 b, 3 8 a, 3 8 b, 4 30 

0 a, 4 0 b^JSH*^— rt^^ASteftoTV^So 
[0 0 19] H6K^"J;^te^ &ufc£2-fe>^«-# l 
6©ffi 1 6 bfcWU «!»©*{ft«ift©fc 1 O^Wlbfc 

Xh~oX, fttfflgm 7 4 ©Ji m%®. 0 Htf Ml? 3 4^ 

S 1 tffcftSftTVS. C<DM2*z 
;^16©I16 b^AP«»^SfflfL3 6 

a, xnMmmwxmmud 8 a, AP»«{#ji 

jKU 0 a, fflpffltt9Mt#£17L4 0 b, ffinUM 40 

iiHfct!ig!53 sawsn, c©?iS3 bicmm^ 

[0 0 2 0] CCT\ tulEAPtl»^^ii7L3 6 a 
fcffiPfflJM#XiIS?L3 6 b i:©Ji|H©»SS3 5t±, 
&^|g l«#Xa^sfS§6 4, I2ffl^|gffl 
6 6£!it^fc5KffM*nTv^ 0 fcfe. APlWSftffJ 
#xiIS7L3 8 a ttHP«l»fc*Wx«l?L3 8 b fc© 
JlH©mS53 SttflufEffS 1 -fe^L/-^ 1 4©® 1 4 bcO 50 
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6 

AP«bt!J#XjIffi?L3 8 a fcHJPffitfBHfc*J#*»S 
?L3 8 bfc*HO±3fcR#&ntV* 0 
[0 0 2.1] C©J;?fcLT, *fi»MM3 O^UJi 
US 1 -fe/^l — iSf l 4 <OBS l 4bfc»2-te/< 
1 6©ffi 1 6 b t^«^t§^> APftMtfX 
JISi?L3 6 a, AP««^X1M?L3 8 a, AP$I 

mmwmmn 4 0 a , ffip»«#«;i?L 4 0 b , 

IL3 8 b0RH£#fiE@rat7 4©flB7*JB2'fe^W 
* 1 Bfl|0*ittt$'-Jl/S 1 tf* 1 1 40m 

1 4bte«#*r*ci:^ 4 felt 2 ^2 

1 6 t©*iiett*»fi!LT^J&o 

[0022] ccx\ wmm^-jv s, si amuRfk 

it, mm, mt^mmmmm^t^mmm 

ssitt^-^s 1 ^lt«, wit*, mxE-r-swts 
■7vm^>~Mmimt%c twx%%<, 
[0023] c<D&$\m&zft%mtL%mwm 1 00 
mm^D^x, wTfcRwr*o itwtiiot 

^tfim&jn* 1 1 1> fcs »fi3w^ fc Lxmnxiz 

So 1 0©APffiiJW^X3i»TL3 6at 

xmBffiMG 4 ^^LTffi 1 6 bmfrZm I 6 alf^ 
ttU z<DM l 6 a«tc»«*nri , »*» l flHSttfXjft 

[ 0 0 2 4 ] m 1 6 0 n:«tfrstift«m 

^2-fe/^lx-^ 1 6©iBl 6 atejaoT*^ 
UT, *«!fflcD»WX«, « l4jBft#Xiftgffll6 OK 

ffioTSiftL^sr/- F«mS2 2Kft|&^n«- 
73 , a 5 k^-ts 2 6 2 *^ t -on 2 jas 

W^aiafflMSe 6K#A?ti> OS 1 6 bfjfc^SiLfc 

ftKH2Kwf tBp{R!JM^xia?L3 6 bKfr-ffi*n 

-So 

[0 0 2 5] 3ffe, Wffl 1 0 rt^APfWt^iJ 

arxaewL 3 8a tcttia* nft^m«> s 3 tc^r «t 5 

Klg 1 1 4©AP«ftM^Xjia?L3 8 a 

icmmt&m 1 KfbH^stsiKis 4 e z-ftLrm 1 s 

ft3W*rx8fEI8« 4 2 K»A*ti«« JR l l*ffc*iJ#Xifc8& 

»4 2K^^tifc^*v *¥*iRifcieffLa«<6« 



7 

fiTsWm 2 4 & * V- h* Miff 2 0 tlS 0 

fflpflWMtJWjtr^aBiTL 3 8 b immz ns 0 c a 
d> *tiUBftitti oTjei^ff&fen, h>t 

u*v^-*tel^«Httlft*ti«ctfc*** 

[0 0 2 6] HfcSfc, WufffiSif 1 OKflH&Sftfc 
H> tfltStfti^ H 2 fcjW <fc 5 fc AP«fl^iKt«iKl 4 

^i6£Dii nnmfommm7 q^lxm i 6 bti 
mmmtji 1 2©£iffi*?waibfc$fc> a^s§ri7 z t 

[0 0 2 7] »1, %2&*]s*-# 1 4, 16© 

ttfll 2 8 p 3 4 KftftT *n**tt S , S 1 fc 20 

KiaBci»3 0te*ftf**i*«tti'-7VS fc, »3 4fc}K 
Wi/-;VS l#^£ft£l^£lll$H<:il3 5fc&ft«ft 

W f y~j\s s , s i tfn?CTfffl^5^r»#tta* tfcWi 
4^ (H7fc^-r»^) x&Gft&tmvm? 

[0 0 2 8] 08 (C^r* 1 ©a&BKHi, JfcfS 2 -fe/^ 30 
1 6 ©M 1 6 b CDS 3 4 S 1 

MR («*8T^) %ffl^T, ±«J*3 4fc:iMfLfctt 

0 , ±ia8J»ttOi/'-;l/!WBflrr* c fcTif 3 4 fctt L 
TttS* (SafJj) LTV^SW^-^S lttgg&JI 

Rij (sbij) r°i$s mmt^^o^^mmm^if 

- * 1 6 ©$t 2 8 «te«tt3/-;l' S U & -5 

xmm^mmmm i 8*R#cA,f£t8RT?*tts'- 

;V S L T BMtf * c fc J: 0 IWiS 1 0 © 

[0029] ixfe^-aT, zvmmmmnmxzv? 
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?W*WKl 8) *r/-HMKftl« (mt£ HSfS 
0HfC*5^«7/-Fm^2 2SLtj : ^2»jl2 6) fc 

ay-Kffiiffiftiffi ($R&\ Miff^fc*3^«*y- 
Kiff 2 o&xm 3 rap 2 4) tximbrmmn 

;H2)i -#©*^W* 9Eflt^Mttc:« 
tt3-#©|g l -fe^-* l 4 fcffi73©lg2-fe/^~£ 
1 6) T^»LT¥!4»m« HSI^C* 

^^flffijl ttiifn^MIMX ^ >y ^ (f 
*«I»»te*5tf *«HSH»X * V f N) coSji^^fc *3 

b) o3fSft» (w*»fs mmmm^m'sm3 4) ^ 

16 a) OBBEffiff CW*«s 2 
8) fcfl«ttO*tti'-;l/ (WAtf, ^I»cl5lj-S 
KEttS"-;US) *Sfc*U Iuf2-73©"b^^^©ffi© 

1 4 a) (mtf. ft*«iW:*^«»|2 

8 ) tcm^ vrcmmm^>-jvt<Dmxmmmmm 

£LX^% a 

[0 0 3 0] CO&Stcm&fr&CfV, VSfSQtetM/ 
fc «t«J| t»^ti* ft«>5H¥ VSm&imSk fc 

[0 0 3 1] Llttfiv?, ±fci-vh*«WILTJiK« 
Wlf!^ ^ y ^ N L fefl^fc, ifJlS^S^R R ® ffl 

ItCHWflSW 1 8 « Ofttttitfft 6 * 

1 t/^H, mzwi^z 

l 6 ^Sil L*^titf ft 6*V* ^ ftil^-fc^fu Wit 

mi ocrfc«om^ jRt>flt#T?*, ^iM4r% 

CfMi-b/V 1 2 StdEWf*! l l 4 fc 

&2-feMP-# 1 6fcOHKtt«i»ttO«tt^-;l/S)5il< 

ffl^etiTv^fc*, wmuii.xmcz(owffite&^ 

xntfft%M£ti:?%:Cm-&\,\ ±IE*^v' 

-;us ittiS2-fe^u-$f 1 6©Sf 3 4{c^#$nri^ 

[0 0 3 2] *te % H 9 fc^T^" 2 0f$t$Pg*-3. 

5fe-r, %z%.}\\s-z 1 6©ffii e b©?i3 AKmm 



(6) 

9 

Z&M^-jt i 6©ffil 6bfciSl-fe><W* l 4£M 

LT\ »2-b^U-*l 6©iBl 6a©8l2 8teStJ|ltt 
©^-/l/^&^M^-;!/ S UT\ 2 8 fc 

^ I 6 k©mic«SRWi"fe;l/ 1 2 fcfHfl/tJBRS' 
s ^IjomtT^ft^^ 1 O 

[0 0 3 3] LfctfoT, C©S«HiM«$X£'y^ 10 

^WSKffltl 8) &7/-K«83WWi 'UK 
fetf « TV- Ftt 2 2 fttf H 2 mm 2 6 ) 

K tfli 2 o Stxm 1 ftftfl 24) t Tfl*#f L T«£ ft 

;M 2) %, ~-&©-te^l— # ftMHBtftfc* 
VZ-JiVM l fc^U-* l 4 fcflfc£©S$2-fe/*U-* 

b) ©msiuB cm**. *iw^tt§i3 4) 
im&<DWfci'~-fr (mm, %mmmz.m% 

*©»!-?$>-?-<:, nm&mmm (mm, mm 30 

16 a) offiffiiM (mm, mnwmc 
mm2 8) &m*&<offiRi'~-A> (mm, mm& 

rtu-zm®?%mfflmmmm mm mm 
mmcm%m \ 4 a) tommat (mm, warn 

[0 0 3 4] C©«fc 5 

~ # ©SPtt c ftfc Wl £ft« -*©-fe/<U- £ 40 

[0 0 3 5] If^bts C CDMUK I^T" ±f E^-- 

7 h mm Lrmmmmxz >y * N**ijfibfc»£tE\ 
1 -tr^-# 1 4 tmz^u—st 1 e 

T'fe^o mi^^lx-^ 1 AtW>2*.?Ms-$ 1 

6 fcOBBk:W:J8«tt©}||«^-;l/ S fflv&ftT^*fc 
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[0036] mc 0 1 ote^-»3©«««SMaf 

;l/T?a6*?RttS/-;l/SS^U I2t;^-^ i 6© 
*fe, ffi 1 6 b©P3 4 t#^#(4©^-;l/T^« 

Mttt^-;us iWrrSo MlftS-b/M 2 

[0 0 3 7] LfeffoT, CiO^jiafffi^X^^^ 

■?*gjii 8) *r/-K«Betnw cmt& ust 

*y-KMffiRWi (ma, asiJBiwcfcttSfcy- 
f nm 2om}m\ mm 24) t-i&m ltm& s n 

1 6) 7fBwtT*ttjwi*i?tt cwa^ mmmz& 

(mm, mm&Mfc&tfzmi 4 a) ©muffin cw 

-$M(om (mm, mtmm^mm 1 6 b) ©m 
^sh cmar. ^ss^c^^s-13 4) 

1) *tfc^u ffes©^b-#©ffiT*&oT^ mm 

M*fJ©ffi Cmfcfv *»»«te*itSiB 1 6 a)© 

mm^-fr (mm, mmmm^m^mvi^-^ 
s) **#u mmmmmwtmyj^^u-^ 

[0 0 3 8] c©Jc^fcHitT«.ci:7?, fW©-fe^U 

-^©■s^^-;vtcinfc@i$n§-^©42^p-^ 

fe§o 3! ft, S9IB^ K 12 ©mi© J; *> \z.1M* 2 O 
e: fc*< 1 a^®t'&i:iNS*14©ri^^-;V 

[0 0 3 9] Lft^oT, C©fi||Ite*3V^Tt±iaa- 

1 I 4 £mz&\\s<-# 1 6 ttf 

^^©^-/VT^S^^v—^S 1 icj:t>«»*n 



11 

m<D& 5 ICXm* 2 OKtt&ZC fcfc < 1 «te«5R^- 
;US, S l*mit-e2&<DT*3M%lSMt&Ct1fiT*t 

[0 0 4 0] ^ II 1 1 fcj|tr»4©ft«*»Wt 
So $fcf\ ®2-fe><W# 1 6©[gl 6 a©?§2 8fc!g 
iittOi'-/l/T*««K5'-;VS*»#r«. *l/T, 10 

jRtt^-Zl/ S %m 2 8 fcSfc*LftlB 1 -fe/<l/~* 1 4 

S *tt»tl^LT«fc*tf¥fl^«ft 1 0 ^ffliET 
LT S &ZW\s-jt I 6©ffi 1 6 b©?f 3 4lC 

[0041] Lfetf?T, MlWMliz^^ 

»HIK*^*7/-PWi2 2Rtf|f2$«2 6) 

mm 2 oRifm 1 &%a 2 4 ) trmwhrm^n 

;H 2) £ s -*J©-fe^l'*-2 (mfcf, Xffl0gflBfc& 
1 6) T^jflT^WIi ^»^{c43 

*/M«4ottS»lMX^ y * N) ©WfeSfBifc* 

©a na»B«ite*t**iB 1 6 a) mmm 

(0!*fcf> *Mt®J«te*JW-*iB I 4 a) ©pjr/Effifi (0! 
^/$»c£tfStf 2 8) tC»*ttO«tt">-A' 
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16 b) omjEffiit w nM&masvmz 

4 ) te-^O-feM W^J©®*^*^©^^--^ 

£figJi?$fc:tett3ii#*>~/i'K s 1) 

[0042] c©jc?fc»rscfeT\ u 
- £ ®n# £ c titesw ? n s -#©■&/ sb- £ 

#\ laiT^tcfe^TBrSffiHte-b-y h*T3ftttT*J; 

[0 0 4 3] LfttfoT, COHatfe^Tt, ±13^- 
-yh t TKiiX * ? * N fcilift L fe#& 

i§ t * s ft 46, mmmim ioct ©s&itfsa t & 

i WSffJ6J»LT;:«i3 4fc-fe«y M-§ft0"c? 

l 4. MPl?tt-fe;H 22fetfJB2^^U-* l 6$ttK 
J: D 8Wf»T|WX ^ y ^ N WT«OT^ 

■So 

[00 4 4] ccf, Hi 2, Hi 3te^*rJ:dK: N 2 

m-encm % ^mm&m^fm ~> ft. wmt z o© 

■fe^l'-^S P©fi**|Silte*»*M'fi't5*2 0m 

*lftT?3l»t)iS*5 Omm/m i n^ffftofe. ffi 

dCT\ ^-;Wjaiifti7';I^^t/Ii til 
ftffl7 -y 30RJ"-n^d 2 1 2 0 °CT* 3 BtP^«t*€ 
fto «ft!<fcai5'U3^>-;MWtti 2 0 o C-eiB? 

jRyti^-t'^8 o %T7xy-;vjfflg 2 o %©^© 

ftfe©^«fflLfeo 

[0 0 4 5] 

C*i3 



13 



(8) 
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tot 1 * 




























SUS3 1 6 




Al 





[0 0 4 6] %m£%%E I 4 fc^-To II 1 4 izm&K 

^mmm&z Ckgf/cm2)*, wmic&m ltc 

#8*^Lfet>©T«&*, c «fcfti& ftftffi 

OtStlTt^ F#-*X S U S 

3 1 6 (Xr^bX4t) . AL©V^"ftl*ffl^fc%&'ff 

SJiaWilttefeV^TfeiJ^tltt^D^oft. *ft\ fHS 

[0 0 4 7] czx\ mBMitm iy U 3 y 
JW*JBV*ft*&fcfcJ\ SWSa-jffy 
KjW***A,«fi£*3S 2kgf/cra2^ 
■a ft<?r£f\ TOIMMfc L < 

3R&S#2 k g f/cm2W±T**W& Bt?)ftV\fcW 

t)> »«tt'>-.rt/fc*4*A/IWSSl«!l*tf2 k g f /cm 
2j^±Ot£D^t- 0 

[0 0 4 8] JftBSfta!7'y|iefi^-;Mlf(2te*^ 

0-0. 5kgf/cm2f*SC^ 
&, 0. 5kgf/cm2 J£CF*ea&*tf& JffittflX^ 

v * »je l fe t u r & , «s ic^&%mmm 

fctt*A*if6»a*tf0. 5 k g f/cm2«TT?*« 
t»©S» , T, *ft. tfAJfflJfllBiUStfO. 5~2 k g f 
/ c m 2 OSSH{ife©«fflg«^-;Vfc LXimfr>- 

[00 4 9] £ZX\ IMfcbfcJ:5fcJtlE#**5'- 



* ic & o %M s ft § -a wbmowkk £ •? 

*3H*jV 2 k g f / c m 2 W±Tf »*!MlttflD'>-/14!r 

20 x$>^x%>, m^LxtGmmitLtcm-'mmikmbx 

tt*-£AJr«*»;a>tf2 k g f/cm2 
oTi/^fctt, 

[0 0 5 0] ±MM&fcWifo&ftl£s WORM l -fe/tU- 
* l 4&tf»2-fe><l^* l OP^a^MfllHr/M 2 

7 /- F aS 2 2 2 ftftff 2 6 t , * V- KWI 

2 O&Cflg 1 &%/f 2 4 t<DnMtoft^tDRZtf7><Dm 
30 n«Ki±'r*ftJ6fc*«1t«)S'-;V'e***tt^-;l/ s 
*Rtt, m&?&%l*rtU-$ l 4 0SJ1 4 bi:H2 
t^U-* 1 SOffi 1 6 b t®mi£M¥flftt&<Oi/~}V 

«tf-fefci6s ail*tifciufB*(iWl^ I'oiHUcfev 
t^2*^P~^ l e^S^tc^afrscir^t?*^ 

[0051] ifcAST, w^ar, « i wi^* i 

40 m i o uftuntf 46*^* a 4^ic, 
sainr^u-^ 1 4 tm2&*\s-& 1 6fc©Hte* 

)V KttteflltlTV^*o ift, 21CT«SM-b;H 2SJHE 
JltlSltMP-^ 1 4fcSR2>fe^l^-^ 1 6fcOl 3 a 1 

[0 0 5 2] gft, ffilBBfm^lffilllM 1 S^JUBI 
tRW-ftti*fflLff 1 8 aKM(i:»€«-> 

50 /!/ s ^Bf^^nivmt 1 8 1 as i , » 2 * 



(9) 

15 

14, 1 6k©ft^fl£t^fcLT^-/Wifc©^7'y* 
fciSfiEU 8, 3 0, 3 4, 3 5fite*VT- 

■te^u-Z 1 4 , 16 fcOBftWfl-b^ i 2 k©MT~£Ji 
tio TJ3-ft ^-;VS*#» 6 tu ^-Mfc£ 

«Tfiai*sfc*rr*ia«ettoft**6, mi, 82*^ 

W# 14, 1 6«RWfi-fe/H 2 ©k 

JItf g Jl k ft 5 a x ]> y * 0 § c k #7? * § o 
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